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Introduction 


1.1 


IlJrposesji nd ^Objectives  of  the 


(a) 


study^the  ^oJes°oferwhiJh  a^ef  Vear’S  °f  &  three‘year 
aolJ°  °l  °Pt\C01  ‘,iff'rabtl°"  analysis  to 

-  <->  to  s:  cz  tt*  rock  fabri=a' 

rock  deformation  by  quantifying  fabrW^  f  b  m&jhRruc-~ 
to  other  deformation parlmeS.  ^  “d  rclatl"C  the=e 

The  special  need  for  quantification  n-r  < 
especially  urgent  in  rock  mechanics  if  th!  ?  • Parameters  is 

of  many  kinds  of  data  is  to  bo  •  contlnuin€  collection 

techniques  being  develoLb  „n,  he"1"8  ^V,The  °ptlcal  analytical 
such  as  resource  studlefusV!  applicable  to  other  fields, 

maps,  and  the  like  UltWMvrerM ' '  Sensi,«-  analysis  of  contour 

more  effectire  des  gn^  strucLes  “°r\Sh°uld  contribute  to 
efficient  excavation  techniques  "  ""  ^  ^  °f  Saf6r 

The  component  objectives  of  the  study  are  as  follows: 

:rd^t~1lttr“rSfaUbrii"?s°o1ir^  b" 

:ndXrhSi^^rLr^? to 

(b) 

(c)  To  develop  a  system  of  standardirerf  eobn^ 

ence  transforms  with  which  fahrin  •  .ri  patterns  anc*  refer- 
quantitatively.  brl°  inpUtS  can  be  correlated 

<d)  ^e1^t\noetXhe0f„eaxet°r^1t0n  ‘".‘T"  °f  fabrip  '*»«•. 
deformation  history  ’  “*  t0  rel&te  this  inde* 

(6)  directions  £  sp^tT"^  ^ 

tropy  measures  based  on  directional  dif  compared  with  oniso- 
beliavior  in  the  same  specimen!  dlf‘enences  in  physical 

(0  ™  selected  ^equivalent  "rocks  t^TanTY^  th“* 

conditions,  Ks  tdat  failed  under  field 

mechanical  beha!ior!ho!ld"?cad  t!Tm!!!atl0nSlljPS  between  fabric  and 
behavior  in  engineering  operatic!.  T°f  aocurata  ^diction  of  rock 
standing  of  the  reasons  for  th  a ■  "  P°sslbly  to  a  better  under¬ 

in  situ* test  properties,^0"  “*  ^^Pancies  between  laboratory  and 


p 


1.2  -  Background 

The  feasibility  of  characterizing  two-dimensional  displays 
through  their  Fourier  amplitude  transforms  has  been  well  established. 
Likewise,  the  study  of  such  displays  by  spatial  filtering  has  also 
been  shown  to  be  practical.  Whether  the  display  be  photomicrograph 
or  satellite  photograph,  infra-red  or  x-ray  photograph,  contour  map 
or  camera  lucida  drawing,  it  is  practical  to  depict  its  spatial 
frequency  makeup  by  means  of  Fourier  optics. 

Beyond  the  analysis  of  single  displays  or  inputs  are  the  com¬ 
parison  and  analysis  of  sets  of  inputs,  such  as  photographs  and 
photomicrographs  of  suites  of  like  rock  specimens  that  have  been 
deformed  under  progressively  higher  loads. 

In  recent  years  many  data  have  become  available  on  the  mechanical 
behavior  of  rocks.  It  has  become  eminently  clear  that  for  all  but 
very  few  rocks  the  classical  models  of  isotropic,  homogeneous,  ideally 
elastic  bodies  are  not  valid.  In  the  attempt  to  explain  rationally 
the  complex  mechanical  behavior  of  rocks,  increasing  attention  has 
been  given  to  identifying  relationships  between  fabric  and  mechanical 
behavior . 

Many  fabric  studies  performed  to  date  have  yielded  results 
•  achieved  only  after  very  tedious  work.  Some  analytical  fabric 
studies  include  a  subjective  element  that  renders  impractical  the 
pooling  of  results  based  on  work  by  different  operators.  We  are 
concerned  with  developing  the  means  to  characterize  deformation 
fabrics  more  objectively  and  efficiently. 

The  experimental  techniques  required  to  produce  deformation 
suites  of  rocks  for  this  study  are  well  established.  Standard 
uniaxial  loading  and  cantilever  and  third-part  loading  of  rock 
slices  cemented  to  aluminum  beams  provide  input  data.  Biaxial 
and  triaxial  loading  will  come  in  more  advanced  stages  of  the  work. 

The  optical  diffraction  method  used  in  this  project  is  based 
on  work  in  18Y3  by  Abbe.  With  the  appearance  of  the  laser  in  i960, 
it  becnme  practical  to  use  this  method  for  optical  data  processing. 

The  basic  technique  used  is  spectral  analysis  of  the  input's 
spatial  frequency  content  by  optical  diffraction.  Figures  1-5 
summarize  the  technique.  The  input  is  a  reduced  transparency  that 
functions  as  a  diffraction  grating  with  unknown  spatial  properties. 

The  source  of  illumination  has  precisely  known  spectral  properties, 
i.e.,  it  radiates  coherent  monochromatic  light.  The  resulting 
diffraction  pattern  is  the  two-dimensional  Fourier  amplitude  trans¬ 
form  of  the  input  image.  This  transform  is  a  graph  of  the  distri¬ 
bution  of  orientations  and  spacings  of  the  elements  in  the  input. 

With  additional  optic**  the  input  image  can  be  reconstructed 
from  the  light  rays  that  form  the  diffraction  pattern.  A  filtered, 
reconstructed  image  can  be  formed  by  blocking  out  some  of  the  light 
rays  in  the  plane  of  the  transform.  Such  filtering  can  be  used  to 


itizo  T,obsc,,re  fMt— 

U^d!0"6  ^  3y“te“'tl,:°Uy  li^ere'tlomZeits^? 


Through  their  diffraction  patterns 
rofkn  can  he  described,  regardless  of  s 
directions,  elongations,  and  symmetries 


,  orientation  fabrics  in 
cale,  in  terms  of  spacings, 


the  net  /°SSible  to  subtract  one  input  from  another  to  show 

1  J  ti0nS  0f  the  oPt^al  system  used  for  the 
operations  described  above* 


nn.  ’',ho  Part  of  this  project  has  required  both  experimental 

,,  iJ^°rCti®?l1  r,tudy,»  pl,is  design  a»d  purchase  of  some  optical 

p  XL  oTortlL  :  '  C  IX  fr0m  tlCf0r™“ti «  XimenL 

input  data  opL.w  “  £f  Pr°VideJ  the  Mi"  ^  <*f 

•  Assumptions  ^nd_Limltations 

»r«  c!iS  “XL  ^^iag  the  entire  project  is  that  there 
are  critical  fabric  changes  related  to  mechanical  behavior  and  that 

with  the  eaui^Lnt81?1^  rangC  °f  "Unifications  feasible 

corollarvLX  ‘  X  Helttted  t0  thls  assumption  is  the 
corollary  that  the  means  for  recording  the  fabric  changes  vix 

fluore^0^  HPh°t0graPhy’  Ph°t°enaphy  of  specimens  treated  with* 

repliear«f  f*netrants»  and  Photography  of  acetate  peel 

: win  record  such  fabric  ^  ^ 

are  reasonable?  ^  ^  thiS  aSSUmption  a"d  its  corollary 

here  is^b^th!"*  the  °ptical  diffraction  method  used 

hr  inpu  are  two-dimensional.  It  is  assumed,  there¬ 

fore,  that  what  can  be  seen  on  the  surfaces  of  specimens  is  sipnif 
leant  in  characterizing  and  explaining  the  deformation.  This  factor 
has  not  posed  any  problems  as  yet.  t actor 

load  h??tv!0r  limiJa!;i°n  is  that  observation  of  specimens  under 

pressure  ^hile^Mr?'3  faformation  experiments  without  confining 
thi  linutation  imposes  a  constraint  on  generalizing 
ome  results ,  the  unconfined  loading  experiments  are  indeed  an 

essential  step  in  this  work.  Fabrics  of  tri  nx-i  ni  i  u  a 

will  ha  -Til.  fau^cs  01  tri axially  loaded  specimens 

,  f?  later*  alt hough  the  fabrics  will  probably  be  recorded 
following  loading,  not  during  loading.  recorded 
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2*  Methods  of  Analysis 
2«1  -  Introduction 

is  ‘efni?UeV1:e->  diffraction  analysis, 

principal^nvestigatoi^and  ^ot!^?  VL 

iata  Shaets  for  thia  ote  ^fin 

Sffi^iS^SsSffisSs 

—  . . J. Si-Xs  s?!E-rissr“ "' 

deformation°experimentsh(Figuresi6  -^r^^outi0”8  &M  the  rock 

Considerable  effort  anH  n+ff«+’  u  8X6  routine  procedures, 
linkage  between  the  two  sets  of  ^-ocetoes?  ‘^'’h''4  tC  opti"lzl'«  «* 

and  scale  J"  f  f  Strat1™-  duality, 

necessary  to  achieve  consist imaee  quality  "« 
ative  results.  The  scales  at  whichTfh  and  fufflRiently  inform- 
depend  on  both  the  size  features’ dat&  &re  rec0rded 
of  the  optical  analysis  system.  g  Udl6d  &nd  the  dynMnic  r&nge 

analysuTfSS  STS^LSTT?  "S*  °f  inputs,  the 

becomes  qualitative  aM  tlltTilJ V W  by  °ptioal  diffraction 
mapping  and  n.5w  analytical  + I  h  ■  ^  ech.uq.ues  such  as  transform 

(Sect.  2.2)  become  i^ffeJtive  ^  SUCh  &S  holo«raPhic  subtraction 
2,2  ■  Optical  Analysis 

Photographic  Operations 

compuirjofopiLr^SeL?  S“Ty  °f  rii*  cliQracteristics 

determined  dur^  cirPquest  fS?'hiSer  f?."' lct"frti«  «™ 

and  clean  outputs  with  low  noise  levels?11  y  conslstent  inputs, 
produ«dtasin?the  s^dart^o?  Y"4^®01"8  deformation  were 

and  were  then  recorded  phcto?ranh  W?1Cr,ibra  in  =-*». 

polarizers  (Sect.  2.4).  8  P  ally  sandwichftd  between  crossed 

In  order  to  determine  thp  "■hoc*-"  „  i 
the  following  techniques  weJetrJe??  *"  r”COr'1  fabric  data. 


1) 


The  telemicroscope, 

zoom  lens  a^dT^usrt  and  YS1StS  °f  '*3m”;86™  “Wtor’ 

and  10X  ocular.  Amend??  “““eop*  with  objective 
appendix  C-VIII  outlines  the  procedure  for 
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- 

- 

51 

20.0 

3 

45 

17.5 

3.8 

39 

15.0 

4.4 

32 

11.0 

5.5 

26 

2) 


3) 


uning  this  arrangement.  The  minimum  working  distance  is 
about  1.2  meters,  focusing  on  millimeter  coordinate 
paper  the  following  measurements  have  been  recorded: 

focal  length  (mm)  reduction  magnification  field  of  view(mm) 

43 

50 
60 
70 
86 

jj^grophotography  using  a  bellcws.  50mm- 55mm  lens  and  a  ffmm 
SLR  camera.  Minolta  Technical  Bulletin  B  lists  data  on  ^ 

W0!ki?g,?iitafte#*  36“>»  magnifications  (1.0  to  3.2) 

and  fields  of  view  (24x36am  to  7.1xll.lmm).  If  a  different 
focal  length  lens  is  used  the  range  of  working  distances 
changes  but  not  the  possible  magnifications  nor  the  possible 
fields  of  view,  providing  the  bellows  is  long  enough. 

35nm  Photomicrography.  Equipment  consists  of  a  standard 
microscope  tube  with  an  objective/ocular  combination  giviim 
9X  magnification.  The  tube  is  strapped  to  a  movable  track 
."'cunted  on  a  tripod. 


To  date  macrophotography,  i.e.,  2)  above,  has  yielded  the 
most  consistent  results.  Technical  problems  encountered 
future  plans  on  the  production  of  input  data  are  presented  in  this 
report  in  Sections  4  and  6  respectively. 

A  standard  photograph  identification  code  (Appendix  C-V)  has 
been  established.  This  allows  ready  reference  between  the  original 

'JJ*  optic^  output.  When  used  in  conjunction 

with  the  rock  orientation  code  (Appendix  C-IV)  and  the  data  logs 

(Appendix  C-I,  II,  III)  an  experiment  can  be  replicated  quite 
easily . 

Ranges  of  Inputs 

In  addition  to  processing  rock  fabric  data,  we  have  also 
experimented  with  optical  diffraction  analysis  of  a)  closed  con¬ 
tours,  b)  aerial  photographs,  c)  groups  of  discrete  particles  of 
diverse  shapes  and  size  distributions,  and  d)  some  idealized 
inputs.  Some  of  the  idealized  inputs  and  contour  maps  have  been 
used  for  holographic  subtraction,  covered  Inter  in  this  section. 

All  four  types  of  inputs  have  been  analyzed  not  only  because  of 
their  geometric  kinship  to  some  rock  fabrics,  but  also  because 
they  provide  very  instructive  reference  transforms  and  because 
they  can  be  used  very  effectively  as  test  inputs  for  the  analysis 
end  improvement  of  optical  procedures  such  as  spatial  filtering. 
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Filtering 

Spatial  filtering,  which  has  been  discussed  in  Sec  1  ? 
is  shown  schematically  in  Figure  1  of  this  report  and 

FiEUreS  2  and  3  °f  Eemiannuai*technical 
report.  Filters  can  be  produced  in  a  variety  of  types 

we  have  utlliMd  - 

latedTvL.f^r/0r'f*l8t,0f  ?inary  (i-e-*  and  aim- 

“ted  variable  density  (variable  transmission)  filters  which 

operate  on  the  amplitude  of  the  light  in  the  diffraction 

?  t-r,  n‘^jTh«  amPlitutie  filters  we  have  on  hand  are  listed 
in  Appendix  C-XI.  We  have  produced  almost  all  of  our  own 
spatial  filters  (Sec.  2.4). 

Directional  band  pass  and  rejection  spatial  filtering 
are  weli-estabii shed  procedures  (Bobrin,  Ingalls,  and  Long, 
1965).  In  order  to  evaluate  possible  distortion  of 
nfr!C^°nalJ'y  ffltered  images,  the  spatially  filtered  image 
.  a  gi^eJ1  dnPut  Yas  placed  as  an  overlay  on  an  unfiltered 
image  of  like  scale.  Also,  the  negatives  of  filtered 
images  with  differing  pass  directions  were  stacked  in  order 
o  see  if  the  whole  image  would  be  reconstructed.  This 
technique  showed  that  some  noise  was  added  in  the  form  of 
tCU?n  +  dee  dlffra<;tion>  i-e-»  diffraction  by  the  edges  of 
negligible  ^ ’  th&t  distortion  °f  the  image  was 

Fr®q^ency  filtering  can  now  be  accomplished  effectively. 
Although  frequency  filtering  has  not  been  investigated  by  us 

lL,t  Y  I"  lir!ctional  filtering,  a  stacking  exper¬ 

iment  similar  to  that  mentioned  in  the  previous  paragraphs 

ing  results^*116*’  hSS  b66n  performed  wlth  very  encourag- 

hn,AJ?  addibion>  f: ilters  have  been  produced  in  the  form  of 

and  h°lcSraphic  reconstructed  images 
.Bromley,  et  al,  1971).  Because  these  filters  are  actually 
records  of  wavefront  information  they  operate  on  both  the  * 
and  phas?  of  the  liCht  passing  through  them. 

®  ^f°r^10f.  ls.related  to  locations  of  the  diffracting 
e-ements  within  the  input  plane.  This  allows  us  to  use 
snesehoiographicf liters  for  the  subtraction  of  one  input 
.hat  represents  the  difference  between  the  two  inputs.  We 

:fnl  p5i|r.al°rSK,t?Ward  =°rapleting  development  of  a  capability 
e  lcient  holographic  subtraction  (Appendix  C-XVl). 

and  Ztll  ^  °f  producinS  holographic  transforms 

nEfoi  tw0  0f  these  have  been  explored  by  us. 

.he^e  are  modified  Rayleigh  and  modified  Mach-Zender  inter- 

ferometers.  The  hardware  configurations  for  producing  hoL 
g-ams  using  these  two  techniques  are  illustrated  in 
.'igur  s  14a  and  14b.  Both  systems  are  described 
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mathematically  and  physically  by  Vanderlugt  (1966).  Initially 
we  have  concentrated  on  the  Rayleigh  system  because  of  its 
simplicity  and  the  availability  of  hardware.  We  are  now 
moving  toward  greater  use  of  the  Mach-Zender  system. 

A  Rayleigh-type  hologram  can  be  produced  by  the 
insertion  of  a  small  convex  lens  in  the  collimated  beam 
used  to  illuminate  the  input.  This  lens  is  so  placed  that 
a  point  source  of  light  appears  in  the  input  plane  next  to 
the  input.  This  point  source  and  the  transform  lens 
generate  a  reference  beam  incident  on  the  transform  plane 
where  the  holographic  transform  can  be  recorded.  The  angle 
between  the  reference  and  signal  beams  is  increased  (reduced) 
by  increasing  (reducing)  the  lateral  distance  between  the 
input  and  the  point  source.  The  only  additional  hardware 
required  for  this  system  is  that  which  holds  the  auxiliary 
lens.  We  have  used  a  Conductron  universal  centering  mount 
that  is  a  part  of  our  basic  complement  of  optical 
diffraction  equipment. 

Disadvantages  of  the  Rayleigh  system  are:  limitation 
of  the  size  of  usable  input  aperture,  introduction  of 
aberrations  because  the  outer  portions  of  the  transform  lens 
are  utilized,  difficulty  in  regulating  the  ratio  of  signal 
to  reference  beam  intensities,  a  lack  of  versatility  in 
arranging  the  hardware  and,  for  subtraction  purposes, 
only  simple  inputs  can  be  processed  effectively. 

The  Mach-Zender  interferometer  uses  an  off-axis  beam. 

The  reference  beam  can  be  used  in  the  recording  of  either 
holographic  transforms  or  holographic  reconstructed  images 
by  bringing  it  "on-axis"  to  illuminate  either  a  transform 
plane  or  an  image  plane.  This  type  of  holographic  setup 
requires  two  high  quality  beam  splitters,  two  high  quality 
front  surface  mirrors  and  stable  mounts  and  supports  for 
each.  We  have  used  two-inch  diameter  coated  pellicle  beam 
splitters  by  National  Photocolor  Corp.  and  front  surface 
mirrors  which  were  cn  hand;  new  high  quality  two-inch 
diameter  mirrors  have  been  ordered  and  will  be  used  in 
future  holographic  work.  The  beam  splittars  and  mirrors 
have  been  mounted  in  Ealing  holders.  These  in  turn  have 
been  mounted  on  rack-and-pinion  slide  mechanisms  manufactured 
by  Edmund  Scientific  Co.  (no.  40,891;  60,572;  60,573). 

The  Edmund  slides  are  attached  to  base  plates  manufactured 
by  Conductron  so  that  the  assembly  can  be  secured  to  the 
bed  of  the  optical  bench  (Figure  14).  This  arrangement  is 
quite  rigid  because  it  is  tied  securely  to  the  shock  mounted 
optical  bench  and  will  provide  great  versatility  in  obtain¬ 
ing  clean,  efficient  optical  subtraction  of  related  inputs 
of  considerable  complexity. 
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Optical  Processing  of  Thin  Sections 

In  addition  to  photographs  of  rocks  undergoing  defor¬ 
mation  and  peels  taken  therefrom  we  have  also  been  investi¬ 
gating  the  use  of  thin  sections  of  experimentally  and 
naturally  deformed  rocks. 

We  originally  intended  to  attempt  to  process  thin 
sections  of  rock  directly  on  the  LaserScan  C120  optical 
bench  and  to  establish  limits  within  which  direct  processing 
would  be  meaningful.  Because  some  slides  generated  a  trans¬ 
form  that  was  messier  than  the  "smearing"  caused  by  phase 
variations  generated  by  optical  inhomogeneities,  test  inputs 
were  constructed  of  only  cover  glass,  slide,  or  cover  glasses 
mounted  to  slides  using  various  mounting  media.  The  individ¬ 
ual  glass  elements  generated  no  noise  but  all  combinations 
did. 


In  order  to  determine  the  geometry  of  the  distortions 
of  the  transform,  negative  transparencies  of  rectangular 
coordinate  paper  were  mounted  between  slides  and  cover 
glasses  using  several  mounting  media.  All  of  these  inputs 
generated  distorted  transforms.  Among  the  distorted  trans¬ 
forms  were  some  which  strongly  resembled  one- dimensional 
transforms  of  a  coordinate  grid  (Dobrin,  Ingalls,  and  Long, 
1965).  This  strongly  suggested  that  astigmatism,  chiefly 
cylindrical,  was  the  major  problem;  further  investigation 
confirmed  this  diagnosis. 

Thin  precision  spacers  between  slide  and  cover  glass 
would  perhaps  give  a  uniform  thickness.  This  procedure  was 
rejected  because  it  would  be  more  time  consuming  than 
photographing  the  thin  section  and  using  the  resulting 
negative  as  an  input.  Pressing  of  the  section  during 
curing  also  proved  to  be  an  unworkable  technique. 

For  a  given  degree  of  surface  irregularity,  the  flatness 
is  a  function  of  the  size  area  being  viewed.  Thus,  by  look¬ 
ing  at  smaller  areas  of  the  section  the  transform  should 
become  less  distorted.  Also,  a  smaller  area  should  lead  to 
fewer  of  the  phase  variations  which  tend  to  smear  out  the 
transform.  This  was  proved  in  practice.  By  masking  the 
input  down  to  a  very  small  area  a  much  less  distorted 
transform  was  observed. 

But  two  other  problems  entered  here.  First  the  use  of 
coherent  light  resulted  in  annoying  diffraction  effects 
from  the  mask  and  from  remaining  irregularities  in  the  area 
of  the  section  being  illuminated.  Secondly,  the  area  of 
the  section  being  viewed  became  so  small  as  to  be 
meaningless. 
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These  problems  were  overcome  by  vsing  a  mercury  vapor 
lamp  as  a  non-coherent  light  source  and  a  microscope 
objective  as  a  transform  lens.  Any  high  pressure  mercury 
vapor  lamp  can  be  used  for  illumination  in  this  set-up. 

To  achieve  partial  coherence,  this  light  is  monochromatically  ' 
filtered  and  is  then  passed  through  a  condenser-pinhoLe 
arrangement  manufactured  by  Jodon  Engineering  Associates, Inc. , 
such  as  LPSF-100  with  a  10X  objective  and  a  25  micron 
diameter  pinhole.  The  beam  emerging  from  the  pinhole  is 
then  collimated  after  which  it  illuminates  the  input  on  the 
microscope  stage.  Because  the  location  of  the  transform 
plane  varies  with  the  power  of  the  objective  but  is  always 
located  close  to  the  back  of  the  objective,  a  telemicro¬ 
scope  is  used  to  view  or  photograph  the  transform;  a  stand- 
surd  microscope  ocular  is  inserted  into  the  microscope  tube 
to  view  or  photograph  the  area  under  study. 

In  order  to  check  the  reliability  of  results  using 
this  optical  set-up,  photographs  of  the  area  of  the  input 
section  generating  the  transform  and  the  transform  itself 
are  obtained.  The  photograph  of  the  section  is  then  -pro¬ 
cessed  on  the  Conductron  set-up  using  the  laser  as  a  light 
source .  The  two  transforms  can  then  be  compared.  Results 
to  date  have  been  mutually  consistent. 

2.3  -  Rock  Deformation  Experiments 

Our  rock  deformation  experiments  have  been  performed  using 
established  rock  mechanics  techniques  (Figures  6  -  13).  Tests  so  far 
have  been  limited  to  uniaxial  deformation  of  cylinders  (Figures  7-9) 
and  cantilever  and  third  part  loading  of  1-2  mm  thick  rock  slices 
cemented  to  10-1/8  x  2  x  f"  aluminum  beams  (Figures  10  -  13).  Data 
sheets  for  these  experiments  are  shown  in  Appendix  C,  I  -  III.  Some 
input  data  have  been  provided  by  the  Twin  Cities  Mining  Research 
Center,  U.S.B.M. ,  based  on  uniaxial  experiments  by  the  Center's 
personnel. 

During  deformation  we  have  photographed  specimens  to  record 
changes  in  the  two-dimensional  fabric  of  the  rock.  Appendix  C-V 
outlines  our  photograph  identification  code. 

Among  the  changes  we  seek  to  map  are  microfracture  growth, 
variation  in  patterns  of  microfractures,  changes  in  grain  shape  and/or 
orientation,  development  of  twinning,  changes  in  reflectance,  and  so 
forth. 

Experimental  results  from  this  work  are  shown  in  Figures  16  -  22. 

In  addition,  Figures  23  -  25  show  the  results  of  work  with  inputs 
from  uniaxial  deformation  of  a  rectangular  prism,  the  inputs  having 
been  provided  by  Dr.  S.  Peng  of  U.S.B.M. 's  Twin  Cities  Mining 
Research  Center. 
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Illumitran  allows  us  to  perform  these  operations.  In  addition  the 
Illumitran  can  he  used  to  help  correct  for  under-  or  over-exposure 
of  film.  All  these  procedures  can  be  carried  out  with  a  high  degree 
of  uniformity  and  predictability  with  a  minimum  of  wasted  time  and 
film.  Thus,  we  can  preserve  the  rigid  standardization  of  series  of 
inputs  to  be  compared  that  is  so  essential  for  optical  diffraction 
analysis . 

Construction  of  Standard  Spatial  Filters 

Amplitude  spatial  filters  (Appendix  C-Xl)  were  constructed  on 
8^  x  11"  bond  paper  using  black  Tempra  paint  and  Letratone  patterns 
(57,  59,  6l,  63,  87,  97,  98,  99,  100,  938)  and/or  a  combination  of 
these.  These  constructions  were  then  photographed  using  high  contrast 
copy,  Plus-x  pan,  Kodalith,  or  10E75  film  depending  on  the  filter 
type.  The  resulting  negatives  were  contact-printed  on  Kodak  2"  x  2" 
projector  slide  plates.  These  plates  can  be  mounted  directly  onto 
the  X-Y-0  gate  (Sec.  4,  #6)  for  use  on  the  optical  bench. 

These  filters  were  all  designed  to  cover  filtering  needs  already 
experienced,  or  anticipated  in  the  near  future.  Many  filters  were 
constructed  in  suites,  providing  incremental  variations  in  filter 
properties.  With  the  filters  on  hand  it  is  now  possible  to  perform 
not  only  a  wide  variety  of  filtering  operations,  but  also  to  inves¬ 
tigate  systematically  spatial  frequency  content  via  a  differential 
approach  using  incremental  series. 

Thickness  of  Rock  Slices 


Studies  are  being  made  to  determine  the  optimum  thickness  of 
rock  slices  for  the  cantilever  and  third- part  loading  experiments. 
Comparable  studies,  such  as  those  on  optimizing  thickness  of  elastic 
coatings,  are  likely  to  be  useful  here.  However,  it  is  necessary  to 
take  into  account  effects  of  heterogeneity  and  anisotropy.  It  is 
anticipated  that  grain  size  will  be  one  of  the  constraints,  as  in 
the  ASTM  specification  for  the  diameter  of  cylindrical  specimens. 


3 .  Important  Analytical  Developments 
Mapping  of  Transforms 
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Among  important  developments  to  date  is  the  ability  to  map 
diffraction  patterns  without  going  through  a  photographic  process. 

The  hardware  necessary  and  the  procedure  established  are  given  in 
Appendix  C-X,  XIV.  Routine  production  of  these  transform  maps  and 
their  calibration  in  terms  of  optical  power  is  a  very  important  step 
toward  quantitatively  comparing  and  correlating  transforms  of 
related  inputs. 

Holographic  Capability 

Development  of  a  holographic  capability  and  the  hardware  needed 
have  been  discussed  in  Sect.  2.2. 

Recording  of  a  hologram  for  subtraction  work  is  a  more  involved 
procedure  than  the  recording  of  an  amplitude  transform  or  reconstructed 
image.  We  have  used  A-G  10E75>  35mm  film  for  recording  holograms 
for  monitoring  purposes;  i.e.,  to  determine  signal  to  reference  angle, 
exposure  times,  etc.  The  holograms  used  for  actual  subtraction 
purposes  have  been  recorded  on  2"  x  3"  plates  manufactured  by  GCO,  Inc. 
(HR-123P).  These  plates  have  the  same  emulsion  as  the  35mm  film. 

Once  the  various  parameters  have  teen  determined  for  a  particular 
experiment  and  the  hologram  recorded,  the  configuration  of  the  optics 
used  to  produce  the  hologram  must  remain  unchanged  to  achieve 
subtraction. 

Actual  subtraction  in  our  laboratory  has  so  far  been  confined  to 
geometric  inputs  using  the  Rayleigh  configuration.  The  procedure 
used  is  summarized  in  Appendix  C-XVI  (Bromley  et  al,  1971). 

The  development  of  holographic  capabilities  will  allow  us  to 
subtract  one  two-dimensional  input  from  another,  giving  a  picture  of 
the  visual  difference  between  the  two.  Thus  by  subtracting  the 
picture  of  an  undeformed  rock  from  pictures  taken  while  it  is  under¬ 
going  deformation  a  series  of  pictures  shewing  only  the  change  in  the 
fabric  of  the  rock  as  load  is  increased  would  be  produced. 

These  "difference  pictures"  and  the  calibrated  maps  of  the 
transforms  of  the  individual  inputs  should  go  far  in  quantitatively 
comparing  the  changes  in  fabric  in  a  deformation  series. 

Processing  Thin  Sections 


Sect.  2.2  presents  a  description  of  our  attempts  to  process  thin 
sections  optically. .  Transforms  produced  by  thin  sections  have  been 
recorded  as  has  calibration  transform  corresponding  to  them.  The 
results  are  mutually  consistent.  Ultimately  we  hope  to  establish  a 
routine  procedure,  using  common  hardware,  that  will  allow  us  to  analyze 
optically  thin  sections  directly  at  various  magnifications.  These  data 
would  otherwise  be  lost  or  gained  only  after  relatively  great  expend¬ 
itures  of  time  and  materials. 
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A  possible  spinoff  from  the  optical  processing  of  thin 
sections  is  the  limited  optical  diffraction  analysis  of  film 
inputs  in  any  laboratory  with  a  microscope  and  a  high  power 
light  source. 

Reversal  Development 

A  procedure  for  reversal  development  of  negative  film  has 
also  been  established  (Beward,  1971).  Appendix  C-VIII  contains 
an  outline  of  the  process  which  is  illustrated  in  Figure  15. 

The  process  has  yielded  excellent  results  with  Plus-x  pan  film. 
Its  usefulness  can  be  appreciated  by  anyone  who  has  made 
positives  via  the  negative- positive  route.  Not  only  is  time 
saved  but  one  photographic  step  is  eliminated  and  thus  so  is 
some  degradation  of  quality.  Sharper  and  finer  grained 
transparencies  that  are  of  at  least  as  good  quality  as  the 
negative  transparencies  have  been  obtained. 
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4.  Technical  Problems  Encountered 
1  -  Sample  preparation 

Problems  encountered  in  sample  preparation  can  be  grouped  into 
two  categories:  initial  and  final  preparation.  The  former  problem  has 
been  solved  by  fabricating  our  own  rock  drill  and  vise  assembly,  illustrated 
in  Figure  7  and  by  contracting  with  a  local  quarry  to  cut  2"  x  2"  x  12" 
slabs  from  the  1  ft.  rock  cubes  (USBM-ARPA  suite);  these  slabs  can  be 
handled  by  our  rock  saws. 


With  the  recent  acquisition  of  a  surface  grinder,  flatness  and 
squareness  gauges,  etc.,  and  using  other  equipment  already  on  hand,  the 
finishing  problem  has  just  about  been  solved.  It  should  be  noted  that  the 
production  of  rock  slices  to  date  has  posed  no  problems . 

We  are  now  organizing  our  operations  to  produce  specimens  to 
ASTM  or  equivalent  standards  on  a  production  basis. 

2  '  Spurious  readings  from  heated  strain  gages 

The  heat  generated  by  photoflood  lamps  have  affected  active 
strain  gages  during  photography  of  specimens  under  load.  This  problem 
has  been  overcome  by  switching  to  photographic  techniques  which  do  .not 
require  high  temperature  illumination. 

3  ~  Vibration  during  photography  of  specimens  under  load 

Vibration  while  photographing  rock  specimens  undergoing  defor¬ 
mation  has  been  an  annoying  problem;  the  resulting  input  transparencies 
are  unsuitable  for  optical  diffraction  analysis.  To  date  we  have  bypassed 
this  problem  to  some  degree  through  patchwork  procedures  and  by  taking 
pictures  when  ambient  vibration  levels  are  low. 

A  rigid  scaffold  on  which  the  camera(s)  will  be  supported  is 
under  construction.  Also,  arrangements  have  been  made  to  stiffen  and  damp 
the  laboratory  benches  supporting  the  deformation  equipment. 

4  -  General  photography  of  specimens  under  load 

Problems  in  microphotography  and  macro photography  have  arisen 
in  the  form  of  variations  in  focus,  illumination  and  registration  during  a 
given  deformation  series.  The  first  two  problems  have  been  discussed  above. 
The  last  problem  is  being  solved  by  appropriate  marking  of  the  specimen 
under  examination  (Sect.  2.3).  Large  format  high  resolution  photographs 
such  as  those  that  are  now  obtainable  with  a  recently  acquired  Hasselblad 
500C  will  also  aid  in  the  solution  of  all  of  these  problems. 

5  -  Pinhole  adjustment 

The  condenser-pinhole  arrangement  on  the  optical  bench  was  a 
source  of  intermittent  annoyance  and  degradation  of  results  during  a  good 
portion  of  the  year.  Readjustment  was  very  time-consuming.  This  problem 
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has  been  solved  by  the  purchase  of  a  new  pinhole  assembly  that  is  easily 
adjustable  and  in  which  pinholes  are  readily  replaced.  The  new  set-up  also 
permits  use  of  pinholes  of  a  wide  range  of  sizes,  thereby  adding  to  the 
versatility  of  the  system. 

6  -  Rotatable  input 

The  problem  of  rotating  the  transform  about  the  optic  axis  to 
achieve  efficient  mapping  has  been  solved  by  rotating  the  input  but  this, 
in  turn,  led  to  the  problem  of  mounting  the  input  on  a  rotatable  gate.  The 
present  procedure  (Appendix  C-X)  gives  satisfactory  and  very  consistent, 
reproducible  results  but  is  somewhat  messier  and  more  tedious  than  we 
desire  for  more  rapid  production  of  transform  maps. 

7  -  Cptical  processing  of  thin  sections 

Major  problems  remaining  in  the  optical  processing  of  thin 
sections  are:  a  low  light  level  from  the  mercury- vapor  source,  necessitating 
very  long  exposures  in  order  to  record  the  diffraction  patterns;  coma- type 
aberrations  introduced  by  slight  deviations  of  elements  from  center  of  the 
optic  axis;  a  rather  awkward  and  time  consuming  method  of  alternating 
transform/input  viewing;  and  a  low  quality  collimating  lens. 

These  problems  are  being  solved,  respectively  by:  our  obtaining  a 
more  powerful  light  source  which  is  spectrally  enhanced  at  the  wavelength 
of  the  monochromatic  filter  being  used  ( 5 46lA ) ;  more  precise  alignment  of 
optical  elements  and  perhaps  tying  them  all  together  in  a  more  compact, 
portable  form;  use  of  a  centering  telescope  in  the  place  of  the  microscope 
ocular,  which  will  allow  viewing  of  the  transform  by  a  simple  adjustment 
of  the  telescope;  and  purchase  of  a  high  quality  collimating  lens. 

Necessary  purchases  have  been  initiated.  It  should  be  noted  that  use  of 
the  centering  telescope  will  reduce  the  optical  path  by  1/4  to  1/3,  thereby 
helping  mitigate  the  low  light  level  problem. 

Related  problems  that  arose  and  a  discussion  of  their  solutions 
are  presented  in  Sect.  2.2. 

8  -  Holographic  subtraction 

Most  of  the  problems  which  have  arisen  and  been  solved  in  the 
undertaking  of  holographic  subtraction  are  discussed  in  Sect.  2.2.  In 
addition,  a  4"  x  5"  cut  film  holder  has  been  modified  to  hold  the  hologram 
for  filtering  purposes.  The  center  of  the  holder  was  cut  out  and  an  opening 
was  enclosed  with  a  balsa  wood  frame  to  secure  the  holographic  plate  to  the 
center  of  the  holder.  This  arrangement  has  allowed  us  to  record  holograms 
in  a  non-dark  room  and  also  to  use  the  holograms  as  subtraction  filters. 

Related  needs  remain:  preventing  emulsion  displacements  during 
developing  and,  more  importantly,  acquiring  suitable  space  to  house  our 
holographic  operations.  Encouraging  starts  have  been  made  toward  meeting 
each  of  these  needs. 
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9  -  Production  and  use  of  spatial  filters 

Two  problems  have  arisen  in  the  production  and  use  of  spatial 
filters:  i)  mounting  the  filters  on  the  optical  bench  in  a  mechanically 
stable  manner,  and  ii)  recording  of  fine  halftone  patterns  at  suitable 
gray  levels. 

The  first  of  these  problems  has  been  solved  by  recording  the 
filters  on  glass  as  described  in  Sect.  2.2.  The  second  problem  may  be 
solved  by  using  high  resolution  optics  in  conjunction  with  high  resolution 
film  and  special  developing  techniques;  we  are  currently  the  beneficiaries': 
of  expert  advice  on  this  matter. 
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5 •  Results  to  Date 


The  results  shown  in  Figures  16  -  25  in  this  report  and  in  Figure  16 
of  the  semiannual  technical  report  are  representative  of  what  we  have 
sought  to  achieve  during  the  first  year  of  this  study. 


The  results  in  Figures  16  -  19  are  based  on  work  with  one  of  three 
mutually  perpendicular  slices  for  each  of  which  comparable  results  have 
been  obtained.  A  second  set  of  three  mutually  perpendicular  slices  has 
been  processed  identically.  Similarly,  the  results  in  Figures  20  -  22 
using  acetate  peels,  are  based  on  work  with  one  of  three  mutually  perpen¬ 
dicular  slices  for  which  comparable  results  have  been  obtained.  (The  slice 
in  Figure  20  is  not  the  same  as  that  in  Figure  16. )  Again,  a  second  set 

“if66  °utually  P«rPendicular  slices  has  been  processed  identically  with 
the  first  set,  using  acetate  peels. 


Specimens  studied  in  the  first  of  the  two  categories  above,  i.e.,  by 
direct  photography  and  not  with  acetate  peels,  have  been  photographed  in  the 
three  different  ways  described  in  Sect.  2.2.  This  multiple  approach  has 
been  used  to  evaluate  the  relative  effectiveness  cf  the  several  techniques 
for  recording  fabric. 


ythou«h  some  efforts  have  been  made  to  highlight  growing  fractures 
with  fluorescent  dye  penetrants,  we  have  not  yet  conducted  an  evaluation 
under  regular  experimental  conditions. 


About  a  half-dozen  experiments  on  uniaxial  deformation  of  rock 
cylinders  from  the  USBM-NASA  specimen  suite  have  been  conducted,  with 
loading  results  3uch  as  those  shown  in  Figure  9.  The  type  of  optical 
diffraction  results  obtainable  from  this  operation  were  presented  in 
rlgure  16  of  our  semiannual  technical  report. 

Most  of  the  specimens  we  have  deformed  so  far  have  had  linear  or 
nearly  iinear  deformation  curves,  like  those  in  Figures  9,  13,  17  and  21. 
(load  (lbs.)  is  plotted  in  Figures  13,  17,  and  21  instead  of  stress,  as  in 
Figure  9,  simply  as  a  matter  of  convenience).  One  of  the  strategies  in 
this  study  is  to  concentrate  recorded  observations  of  specimen  fabric  in 
regions  of  the  deformation  curve  where  sudden  changes  in  slope  and  other 
prominent  nonlinearities  occur.  In  linear  or  nearly  linear  cases,  the 
observations  are  spread  out  to  give  broad  sampling  of  the  deformation  curve. 

With  regard  to  the  experiment  shown  in  Figures  23  -  25,  a  set  of  input 
photographs,  five  of  which  are  shown  in  Figure  23,  and  the  deformation 
curve  (Figure  24)  were  provided  by  Dr.  Peng  of  the  Twin  Cities  Mining 
Research  Center,  U.S.B.M.  Since  the  curve  came  into  our  hands  some  time 
after  the  inputs,  we  selected  for  processing  the  five  inputs  shown  on  the 

°u  aPPearance>  without  benefit  of  having  the  stress/strain  data. 

Although  the  five  inputs  seem  to  represent  fairly  good  coverage  of  the  curve, 
we  would  have  made  a  somewhat  different  selection  of  points  had  the  curve 
been  available  when  optical  processing  was  started. 
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thp  fnlB?y°?d  t!je  *ech?*cal  results  described  above,  we  have  accomplished 
the  following  during  the  past  year:  F 

We  have  standardized  and  made  routine  many  operations  in  the  optical 
and  rock  mechanics  laboratories.  ** 

.  hav®  established  a  working  rock  mechanics  laboratory,  with  the 
capability  of  deforming  rocks  uniaxially,  biaxially  and  flexurally. 

We  can  now  prepare  our  own  rock  slices ,  can  produce  cylindrical 
Jf!" “fn  of  sevcr&1  diameters  and  have  acquired  the  equipment  necessary  for 
finishing  cylinders  according  to  ASTM  and  USBM  standards.  7 

hT  determined  the  characteristics  of  photographic  film  used  in 
optical  analysis  and  have  established  techniques  for  recording  data  at 
various  scales  and  formats  while  retaining  comparability  of  results. 

We  have  produced  a  collection  of  reference  transforms  and  a  variety  of 
special^  spatial  filters .  The  filters  have  been  mounted  oJCglasTpHLs 
and  have  been  used  in  an  X-Y-0  gate  assembled  by  us  for  this  purpose. 

A  method  of  mapping  transforms  has  been  developed  in  which  the  input 
transparency  is  rotated  about  the  optic  axis  to  yield  a  spoke  assembly  of 
intensity  profiles.  We  are  currently  working  with  a  laser  power  meter  to 
develop  a  practical  method  for  calibrating  intensities  recorded  in  these  maps. 

Holographic  transforms  and  holographic  reconstructed  images  have  been 
produced.  Ue  have  used  both  modified  Rayleigh  and  modified  Mach-Zender  type 
inter i erometers .  The  holographic  transforms  have  been  used  successfully  for 
crtldal  subtraction  of  aimpla  paired  Input,  of  a  dot  pattern  (reSvSg 
pa.tioular  dots),  a  simulated  dendritic  pattern  (showing  net  growth  of  the 

of' “iTng")  ’’  ^  “  Si“lated  r0Ck  flbrlc  PtttteI*h  (showing  develop^* 


We  have  successfully  produced  transforms  using  partially  coherent 

oDti^’yJath*  ll??t  T  a  fource  and  a  st&ndard  microscope  plus  auxiliary 
optics  as  the  optical  system.  This  approach  appears  to  provide  some 

possibilities  for  the  convenient  use  of  optical  diffraction  analysis  in  a 
aFpliJations»  especially  those  with  thin  sections  as  inputs. 
Consistent  transforms  generated  by  thin  sections  have  been  recorded. 

High  quality  results  have  been  achieved  with  reversal  dewi nmw»n+ 
negative  film  This  will  permit  oonslderable 

negative-positive  procedure  and  does  not  require  special  positive  film 
The  qualify  of  results  achieved  is  quite  good  enough  for  preparing  inmits  for 
optical  diffraction  analysis.  In  fact,  the  resuSf „  cuSlSg  S" 

°f  th°Se  °bt,ined  e“liw  through  ~ 
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6*  Implications  for  Further 

right  track  and  that^he^eneral^irectiorof^h0^6  tH&t  We  51,6  °n  the 
original  plans.  Therefore,  we  will  concentrat!  reSearch  wil1  f°H°v 
nation  data  at  appropriate  -eales-  *  °n  recordin6  more  defor- 

the  acetate  peel  and  Huoresleit  ive  nen^i  USe  of  results 

and  experience  are  needed  to  determine tht' rant  methods.  Additional  data 
to  record  the  fabrics  of  specimens  under  loa^imUm  r&nge  °f  Scales  at  which 
for  the  types  of  rocks  worked  wUh  TtL  indications  a'e  that 

yield  the  most  useful  fabric  data.  ’  agniflcatlons  of  10X  to  100X  will 

calibration  of  transformers  ^^achi1*0^*^  wil1  concentrate  on  the 
subtraction  of  related inputs ***'*** 
the  analysis  of  thin  sections  exoaMiSS  ^  *  mffcury  vaP°r  system  for 

filtering  capabilities  and  the  conHm  *  ur  amplitude  an(j  compiex 
techniques.  th®  conti™ad  upgrading  of  our  photographic 

deformed  specimens.be?h?Stwilltbrdoneab°n  Ch&n?eS  in  fabricS  of  triaxially 
to  specified  axial anfm^  Ws  and specimens  Y 
along  their  axes.  One  specSen  wUl  ,  “edial  Sections  G»t 

°f  our  ear  lit  ,tudy  (Plnou2,  ^  Part°$ 
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7 •  Special  Comments 

test  ino  zciz^oiT:etze  w* 

vice  versa.  These  projects  include  a  study  o  S  =t,’tan4t . 

joint  fillings,  and  fracture  geometry  on  mechanical  beha^nr  ej  “Nation, 
especially  from  block-caving  operations  wf  ^  ' behavior  of  rocks, 

acoustic  properties  of  roc£f  from  bS- caving  Leas  "£££”? 
an  important  aspect  of  these  studies.  ^  *  Fabric  analysis  is 

ing  th^transforms  o?  ~  als°  ^udy- 

determine  empirically  the  effects  of  different  configuration^  SiZ6S  t0 
spacings,  and  sample  size.  As  the  particles  are  \ shapes> 

other  until  they  come  in  cental  ar®  moved  towar<i  each 

of  the  fabrics  of  some  rocks  ’  7  hleVe  the  Spatial  figuration 


8 •  Concluding  Remarks 

of  equSe^rofhand'TorLf'ofotr48,'  Per"0??el  the  mJor  ««» 
appropriate  for  the LeL  aVallable  «*  «"  -e 


so  farT^v»abl0  reS?Jrch  desi6n  Wears  to  be  sound, 
so  iar  have  been  quite  encouraging. 


The  results  achieved 


past  few  months.8  Cons idS^ble °emphas i s ^ill llke  that  during  the 
acquisition  of  fabric  data  f^rtS  f-  ?e  placed  on  continuing 
— nation  of  newly  acquired 


s 

X  n 


A 

I 

I 

I 


or 

B 

-4 


U. 


I 

I 


Ul 

ile 

£*• u 

CL 

oj  v/> 


r 


lu  w 

?  O 
3  U> 
O  ft. 
CL  w> 


r  -a 

m  n  <d 

o  •  c;  t, 

*  o 
H  d  P 
K  M  -P  (— ( 

2*  >»  *H 

fir*  ^ 

U)aJ  xJ 
«J  C  -P  a> 

•H  «J  d 
■u  a  >  p 
d  k, 

o  o  a)  tj 

•H  *H  d 
-tJ  P  w  aj 
M*  O  -P 
t,  Uj  O  — 

3  t; 
XJ'MTI  d 
O 

<■0*4  i,  4J 

•'o  a  o 

I  <u 

HOP,* 
V  al  3  o)  +i 
Pj  O  -P  w  d 

jfg  ®  S 

H  g,.d  O  3 
►*«  O  Eh  ph  o 


H»d,brt  q  far  itiuuubq^  tfU  fySB 


f-f  ooucneu  of-  f*,mW  w  sounds  oouaie  sur  BtfenwcHr 


of  slits  screen 


Figure  2.  Young's  double-slit 
experinent.  BiB  (or  y  )  varies 
y.ith  spatial  ^frequency  (l/s) 
in  the  input  plane. 
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Figure  3.  Fraunhofer  diffraction 
with  a  lens,  y  in  the  transform 
Plane  varies  with  l/s  in  the 
input  plane. 
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F(u)  complex  amplitude  us  a  function  of  thm  position 
coordinate  u  in  the  transform  plant 


f  focal  length  of  lens 


A  wavelength  of  incident  light 

n„,  fm  = 

H 


j/'res  the  complex  amplitude  in  the  transform  piano. 
The  vanabie  sensed  is  the  intensity  or  amplitude 
squared.  Th  €  complex  exponent  expresses  the  phase 
difference  alone  the  optical  path.  The  variation  in 
amplitude  alone  the  u  coordinate  depends  on 
this  variation  fn  phase  and  on  the  input  function  ffc). 

Tf  y  and  v  are  the  htmenta!  coordinates  in  the 
object  and  transform  planes,  respectively,  then  the 
two-dimensional  Fourier  transform  is  given  hu 

Ffrrt- ■’H,* 

Figure  i|.  Fourier  transform 
relationships  in  a  single  lens 
system. 


Figure  5»  Some  Fourier  transform 

pairs, ( a)-(h). 

Ahtr 

tu <d  BfmttwUj  i9tr 


F igure  6  -  Portion  of  rock  mechanics  lab¬ 
oratory  .  From  left  to  right:  a)uniaxial  NOT  REPRODUCIBLE 
set-up(detnils  in  figure  8);  bjelectrical 
hardware  1'or  strain  gage  work  (details  in 
figure  IP);  c)roek  slice  set-up  (details 

in  Figure  10) j  d)third -part  loading  set¬ 
up;  e ) biaxial  set-up. 


gure  /  -  Hock  dri'U  used  1'or  preparing 
cylindrical  specimens.  NX  thin-walled 
bit  shown  cutting  core  from  large  con¬ 
crete  test  cylinder.  Base  clamp  is  de- 
'"‘1«n,d  Lo  hold  irregular  specimens. 


NOT  REPRODUCIBLE 
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Figure  8  -  Uniaxial  set-up  with  photo-  REPRODUCIBLE 

graphic  equipment  for  recording  surface 
fabric  during  loading. 


Stress  fJraH 


Figure  9  - 


Strain  (Microinches/inch) 

Sample  teat  results  from  uniaxial  loading  as  shown  in  Figure  8. 
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ce^nfedtSHiSeS 

SSSSi  bSS.  SiS.  and  bean,  to  right 
ii,.e  r,  cords  surface  fabric  during  lo.  di  ng 


NOT  REPRODUCIBLE 
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Figure  12  -  Electrical  hardware  for  strain 
gage  work.  From  left  to  right:  indicator 
unit,  stacked  switching  and  balancing 
units,  quick-connect  junction  box. 


not  reproducible 


Figure  13  -  Sample  test  Typical  Results  of 

results  from  cantilever  Rock  Slice  Test  Load  -  Strain  Curve 

loading  as  shown  in  ‘  - - 

Figure  10,  using  instrumentation 

of  Figures  11  and  12.  Test  Identification  No. 

Rock  Type:  Barre  Granite 


Strain  (Microinches/ inch) 
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Figure  14  -  Configurations  of  conponents  on  the  optical  bench  for 
producing  holographic  transforms. 

a)  Rayleigh  configuration.  A  small  lens  at  position  i  generates  a 
point  source  of  light  in  the  input  plane  ii.  The  holographic 
transform  is  recorded  at  iii. 


not  reproducible 


b)  MadLZender  configuration.  Beam  split- 
,  r-  are  at  ^thejnput  at  ii,  and  the 


holographic  t.r ana 'or g  recoded' Ti i . 
_  ^configuration  will  produce  holo- 

i  »  4.1  •  .  . 


r-mh!,.  ^  J - Z  ouuce  noio- 

■  P  1C  reconstructed  images  if  the  second 


beam  splitter-mirror  assembly  is 
positioned  beyond  the  reconstruction 
objectives  iv. 


I 'MO  lO  sc  II  Nll',1,  MrfiLfi  |9/| 
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Figure  1.  Exposure  and  Pint  Development 


Light 


Bleached  Silver 
Developed  Silver 

Film  Bate 


Figure  3.  Reexposure  and  Second  Development 


xxw\ 
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Figure  4.  Fixed  Film  with  Positive  I 


Developed  Silver 


Film  Base 


mage 


AAA 

*  <1 

p  * 

L . ^ 

Figure  2.  After  B  baching 


Bleached  Silver 

Silver  Halide 
Film  Bate 


llu-  clu't try  ..I  pluvevvmg  iv  vlumn  m  the  following  fjgUri.,.  |„ 
"V"  !:  ,'*h*  •' nwxIuDiid,  j.  upon  (Uvvmg  through  j  vlep  tjhlcl. 

J dver  I' l'  a""'  ,d;'"'l,;P"u'"1' ,,H'  "PP'opruK  vinuum  of 

ulv.r  n  reduied  in  the  film.  In  figure  2.  ,|u.  „|„,  ,s  hle.ched  to 

convert  the  iwullu  diver  . . .  , river  vjlr  not  ven.mve  |1|(h, 

The  Wvjih  voluti.it,  iv  neuir.h/cd  with  .  de.ruig  hjth.  jnd 

the  "Ini  IV  cvpoeed  to  J  uniform  light.  Tlnv  evpovure  render v  the 
vilvvr  h.lidc  vtill  in  the  him  develnpjble  in  the  vevond  developer 

2  ‘  T"  **“,'?•  ‘"/'T  4'  ,h"  lilu'r  file  emul' 

non  ere  removed  hy  volnbih/.iion  in  the  five r  volution,  jnd.  the 
ulvtr  rt  miming  du pi u  jk-s  the  delimit; %  of  the  object 
'•Illustrations  by  Djvid  J.  Hmku 


^  "  A  dia«rammatic  representation 
of  the  reversal  development  process. 

From  Beward,  1971. 


rooj  °v  <t_[- 
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NOT  reproducible 
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Figure  19  -  Maps  of  the  transforms  illus¬ 
trated  in  Figure  18.  There  is  more  low 
frequency  content  in  b)  and  c)  than  in  a), 
c)  appears  to  be  more  uniform  than  b)  in 
the  directional  distribution  of 

diffraction  elements. 


C 


r  igure  20  -  Acetate  peels  made 
mat ion  of  a  slice  of  Barre  gra: 
Load  on  the  cantilever  is  tov/ai 
pictures.  Mangification  - 
masked  to  cover  same  area  in  e* 
correspond  to  the  points  a  c 
tiwl.y  in  figure  21.  feme  f Tact 
to  have  widened  and/or  extended 

fractures  appear  in  Both  b)  and 
those*  a r; Dear  i  nr.-  ;>■  y  \  — 


c 


•  >,  tu 


•  <4.1  i»>  .  VJI  i;4i 


the  inputs  in  Figure  PI.  Relative  to  r.) 

ancfnorf'fS  fJeqSeiS^elSU^l^ 
Tne  aia-.onal  stripe  in  b)  is  an  artifact, 


;  Af  N 


Figure  24  -  Corrected  stress/strain  curve 
generated  during  the  deformation  experiment 
pictured  in  Figure  23.  (Courtesy  of  Dr.  Syd 
Feng,  U.S.B.M.)  Points  IB,  5B,  10B,  15B  and 
25B  correspond  to*,  b,  c,  d,  e,  respectively 
in  Figures  23  and  25. 


X 


lines /cm. 


I*  -  Maps  of  the  transforms  £enor- 

by  the  Input:!  pictured  in  Kippiro 

c),  d),  and  c)  are  oval  with  the  major 
axis  approximately  horizontal,  hank  in 
orcer  of  apparent  decrease  in  spatial 

frequency:  b),  d)  &  e),  a),  c). 
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APPENDIX  C 


Outlines  of  Procedures 


I 

II  - 

III  - 

IV  - 

V 

VI  - 

VI I  - 

VIII  - 

IX  - 

X 

XI  - 

XII  - 

XIII  - 

XIV  - 

XV  - 

XVI  - 


Data  sheet  for  specimens  in  uniaxial  compression  tests. 

Data  sheet  for  specimens  in  rock  slice  tests:  Cantilever  (left) 
and  third-part  loading  (right).  Small  square  on  rock  slice  is 
for  photographic  registration. 

Data  sheet  for  loading  experiments. 

Orientation  code  for  specimens  cut  from  rock  cubes  of  known 
orientation. 

Photograph  identification  code. 

Summary  of  film  cheracteristics  for  optical  data  processing,  as 
observed  by  this  project's  personnel. 

Procedure  for  reversal  development  (Figure  15). 

Procedure  for  photographing  with  telemicroscope. 

List  of  available  photographic  equipment. 

Procedure  for  mapping  transforms. 

Types  and  sizes  of  fitters  (Film  and  glass). 

Log  of  inputs  and  outputs  for  optical  diffraction  analysis. 

Optical  diffraction  processing  log. 

Scanning  log  for  mapping  transforms. 

Acetate  sheet  peel  technique  for  rock  slices. 

Procedure  for  holographic  subtraction. 


I  -  Data  sheet  for  specimens  in 
uniaxial  compression  tests. 
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FORM  1  -  Uniaxial  Compression  Teats 
Test  Identification  No. 

Sample  Identification  No. 

Operator 
Date  _ _ 

Strain  Gage  Data 

Resistance 
Gage  Factor 

^box 

K 

Temperature  Compensation 

Specimen  Dimensions  and  Gage  Locations 


Average  Diameter: 

Two  orthogonal  readings  measured 
at  mid-height. 

Average  Length’. _ 

Three  equally  spacecT readings 
using  calipers. 

End  Variation: 


Accuracy:  Length  and  Diameter 
measurements  to  nearest  0.01, 
End  Variation  to  0.001. 


Comments 


II  -  Data  sheet  for  specimens  in 
rock  slice  tests;  Cantilever 
(left)  and  third- part  loading 
(right).  Small  square  on  rock 
slice  is  for  photographic 
registration. 

Strain  Gage  Data 

Resistance 

Gage  Factor 

Fbox 

K 

Temperature  Compensation 

Specimen  Dimensions  and  Orientation  and  Gage  Location 


FORM  2  -  Roc?*  Slice  Tests 
Test  Identification  No. 
Sample  Identification  No. 

Operator  _  _ 

Date 


Rock  Slice  Thickness  DAta: 


Comments : 


Ill  -  Data  sheet  for  loading  experiments 


Test  Identification  No. 
Sample  Identification  No. 
Rock  Type 

Operator  _ 

Date 


Increment i Total 
Load  Load 


GAGE  NO. 

GAGE  NO. 

GAGE  NO 

Indicator!  ExP* 

Indicator'  Exp. 

Indicator 

— 

Exp.  | 

Reading  Strain 

Reading  Strain 

Reading 

Strain  1 

GAGE  NO 
Indicator 


Exp. 

Strain 


IV  -  Orientation  code  for  specimens  cut 

from  rock  cubes  of  known  orientation. 


The  purpose  of  the  orientation  code  is  to  define  the  orientation 
of  the  specimen  with  respect  to  the  "orientation”  or  "north"  arrow  on  the 
cubic  rock  sample. 

Six  principal  faces  of  the  cube,  "1",  "IB",  "2",  "2B",  "3"  and  "3B", 
are  defined  in  the  following  manner: 

Face  3  is  the  "top"  of  the  block  on  which  the  north  or  orientation 
arrow  is  located. 

face  1  is  determined  by  mcving  the  north  or  orientation  arrow 
laterally  until  the  base  of  the  arrow  is  on  an  edge  of  the  cube 
and  the  arrow  is  pointing  normal  or  up  and  to  the  right  from 
the  edge.  The  face  which  the  base  of  the  arrow  intersects  is 
face  1. 

face  2  is  counterclockwise  from  face  1  and  adjacent  to  face  1 
and  face  3. 

Face  IB,  2B  and  3B,  are  the  corresponding  parallel  faces  opposite 
to  faces  1,  2,  and  3,  respectively. 

The  foregoing  definitions  are  applied  to  the  illustrated  sample  cube: 


The  research,  at  this  time,  will  require  specimens  cut  from 
the  block  in  three  mutually  perpendicular  directions.  These  directions 
correspond  to  the  axes  which  are  perpendicular  to  one  of  the  six  cube 
faces  previously  defined. 

A  core  or  slice  cut  from  the  cube  is  denoted  by  three  symbols: 

(1)  A  number  denoting  the  face  of  the  cube  which  the  specimen 
contains,  ie. ,  1,  IB,  2,  2B,  3  or  3B. 

(2)  An  acute  or  right  angle  specifying  the  number  of  degrees  the 
orientation  or  north  arrow  makes  with  the  face  under  consideration. 

(3)  A  horizontal  indicator  symbol  for  elements  cut  horizontally  from 
faces  1,  IB,  2,  or  21. . 


IV  - 
p.  ? 
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Since  the  machining  operations  for  specimen  preparation  will 
eradicate  any  orientation  markings  on  the  machined  ends  or  surfaces, 
the  orientation  must  be  transfered  to  another  surface. 

For  cylindrical  cores  cut  from  faces  1,  IB,  2,  or  2b,  the 
orientation  symbols  are  transfered  from  the  end  of  the  core  to  its 
side  as  shown  on  the  following  page. 


iv  -  C-7 

P-  3 


For  cylindrical  cores  cut  from  face  3  and  3B,  the  orientation 
line  is  transferred  es  follows : 


After  machining  the  orientation  arrow  can  be  re-established  on  the 
end  of  the  core. 

The  same  procedure  may  be  adopted  in  principle  for  the  rock 
slices.  Extreme  care  must  be  exercised  by  the  machinist  to  avoid  errors. 

This  code  may  be  expanded,  when  needed,  to  include  cuts  made  at 
angles  other  than  90  degrees  to  the  cube  faces . 


V  -  Photograph  identification  code. 
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First  Four  Digits  identification  of  test 

First  Digit-  capital  letter  indicating  typo  of  test 
■  C  *  cantilever  weight  loaded 
Ci^  cantilever  micrometer  loaded 
P  =  third-part  loading 
U  =  uniaxial  loading 

Second  Digit-  anumeral 

Third  Digit  -  a  numeral 

Fourth  Digit  -  a  numeral 

Fifth  Digit  -  location  of  photograph  within  a  test 

a  small  letter 

Sixth  -  Ninth  Digits  -  sample  identification 

Sixth  Digit  -  capital  letter  indicating  general  rock  type 
A  *  acid  igneous 
B  =  basic  igneous 
I  =  intermediate  igneous 
S  »  sandstone 
L  *=  limestone 
D  =  dolomite 
M  =  shale,  mudstone 
C  »  conglomerate 

F  =  foliated  or  lineated  metamorphlc 
G  =  none irectional  structure  metar.orpnic 

Seventh  Digit  -  a  numeral 

Eighth  Digit  -  a  numeral 

Ninth  Digit  -  a  numeral 

Tenth  Digit  -  test  equipment  orientation  relative  to  Jiar.enolons  of 

negative,  L  if  bar  lon^  direction  parallels  Ion™  direction 
of  negative!  W  if  it  parallels  snort  direction 
for  U  test,  L  if  axis  connecting  platens  parallels  lori t 
direction  of  negative!  if  axis  parallels  tn  :  short  d«  ret  tier 

Eleventh  and  Twelfth  Digits  -  ft?a  ture  orientation,  the  aa;le  of  the 

feature  with  th.-  lon^  direction  of  the  negative,  two 
numer  ilu 

Thirteenth  Digit  -  t  jynbe  •.  lot  any  additional  infori  »t’oi 
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***  -  Procedure  for  reversal  development  (Figure  15) 


Most  successfully  applied  to  Plus  X  Pan.  The  filn  is  exposed  acrordino 
fc  vardri5yU^1UrC  l*C*’  ^  l?5^*  I)evclop,:'cnt  in  general  (modified  from 


*0  min  Kodak  D-19. 


•it) 

•Hi) 

•iv) 


J  Bin.  wash  in  warr  water  -  this  oust  be  thorough; 
fillirv  the  contAlrcr  and  letting  it  sit. 


not  just 


?  nln.  bleach  R-9  -  aur.t  be  fresh. 
1  Rin.  wash  ,notc  ebeve). 


**)  1  nln.  cloar  rx>. 


*vl)  1  nin.  vmsh. 


vll) 

•vlll) 


r^exposurc:  the  ni*  i*  iaid 
that  no  are  cant  upon 
turned  on  for  15* 3C  seconds. 


emulsion  fide  up  on  a  bench  so 
it  when  the  overhead  lights  are 
This  gives  n  uniform  illumination. 


***•  Rln.  KoJafc  0-95. 


JO  olak  atop  of  indicator  stop  bath. 

1-?  min.  Kodak  rapid  fix. 

*3)  5  aln.  mh, 


•carried  Ojt  in  total  darkness 


‘n  *5  C<,ntMnS  »  representation  or 


VIII  -  Procedure  for  photography  with  telemicroscope. 
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Equipment 


trSsCr°STj  n'TJ  !fting;  Aetna  T  mount  Microscope 
200  K  flook  liehts;  Plus-X  Pan  Film;  Graph  Pat^r- 
Cable  Release;  Camera  Body  either  Practina  or  PentL. 


adapter ; 
Front or 


Procedure 

Ctep  1.  Place  specimen  in  position. 

Step  2.  Mount  the  telemicroscope  on  its  support  (tripod). 

Ctep  3.  Remove  ocular  from  telemicroscope. 

=tep  4-  SX' portion  of  the  Mcroscope « «■*  nts 
Step  5.  Replace  the  ocular  in  the  telemicroscope. 

step  b-  ~ 

m  s  S3ES, 

''teP  '■  tt  SapMrfL'™"  ^  d°tS  °" 

"itcp  '  ■  — 

SteP  9'  camera  «- 

Step  10.  Attach  the  Prontor  Cable  release  to  the  camera, 
utep  11.  Cock  the  Camera  shutter. 

step  1?.  Focus  on  the  specimen  by  doing  the  following:  Elace  a  niece  of  „ 
paper  on  the  specimen.  Turn  on  the  flood  lights  v  P  v  graph 

e  camera  must  move,  thus  the  clamps  on  the  camera's  tripS  must  be  loose. 
Step  13.  Set  shutter  speed  at  B. 

Step  14.  Lens  should  be  set  with  f-stop  wide  open. 
stop  w*  of  th0  speoimen  the  graph  •» 
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IX  -  List  of  available  photographic  equlpaent 


*  1*  Practina  35nn  SJJ?. 


<  •  opeed  graphic  view  carrera, 
3.  Calumet  view  camera. 


*  4. 


Hasselbiad  500  with  standard  and  wide  aw- it 
shield. 


ierwei , 


'  <•  1  iows , 


HrM 


5.  Rausch  and  Lomb/Hikon  1  ?5»  telemlcrofco^. 

6.  Polaroid  photomicrography  set-up. 

(•  Practina  adnpters  for  microscope. 

M.  'towcns  Illumitran  and  accessories. 

9.  Kxaktn  35mra  SLR. 

10.  Polaroid  46- L  back  for  view  ciuaerns. 

11«  1?0  back  for  view  cameras. 

1?.  Polaroid  1**5  (5<’f  55,  57)  back  for  view  rWas. 
13 •  Nikon  F  35mm  HLR  and  accessories. 

**  l4‘  tentax  35mm  SLR  and  accessories. 

**  *5.  Minolta  ?5mm  SLR  and  accessories. 

*  adapted  to  optical  diffraction  analysis. 

**  available  if  needed. 
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X  -  irocelire  *’or  capping  transform:.. 


nl  ^  l  hardware  in  a  prototype  unit  purchased  from  Conductron  Corp. 

°  ,2^  tUbC  C<-P^ly  enclosed  except  for  a  pinhole 

®.tri  t  e  laser  ard  at  the  height  of  the  ayaten’a  optic  axis.  The  size 

r1?*0*  r*n  b#  v?rlcd-  The  photomultiplier  can  be  translated 
horl.enully  oruxyonal  tc  the  optical  axis,  tj*  entire  assembly  can  be 
r**aiiiy  ,r+4  to  th<»  bed  of  the  optical  bench. 

*U?Pljr:  HVrl50n  6515/1  00  *"tr  ■“PP^  "onufactured 

Mwrl*r  *  R-  ro-nlcro  wweter  nanufactured  by  r.eithley  Instruments. 

<’*’  r  anneter  ear  be  fed  into  aiy  X-T  plotter  or  atrip  chart 
*  *HiW*  ***  ***  lft  ***  10  individual  I  a?™ a 

'v;  v-T-*  is  wurafbctured  by  Ardtl  Corp.  It  con- 

’  ,  f4,  ,,w*  ^tl©a  inn  ,le»  10  provide  x®T  go  vane  nt  aid  on*  KT-175,  y/fi 

***  '**  ®rUe  MU*  ***  BtacHed  nodules  are 
•M-1  ,1,f  *  ^  Nd.  '-*•  bur  4al  ft  Iff  adapter. 

’v  *w**ftty  ***  MNirW  fey  uv  liwert.lor  of  pit*  «t  «W°  Intervals 

^  *  **  ■**»•.  «<■*  vr  uwTfor  the  inf»i 

a  jraffdir* 


t  • 


!T"£  u  **»  ooaflrsrNlo*  picture*  of  the 

’(*?•  t*  4*  **•*  *  *Nreet*Ntft,e  oaiibratio*  •rZfom  m*n  b* 

f '  'eli 


Z  '*«-*•»  >•  rr««  u» 

Ifa#t.  *%,  tUe  feanuM  «r  t*e  e«eor«*l  «M  u-  wla'ily  *f  .** 

4*%I?*lf^*f*r*  1*  I  *N  ,j*  *cww 

*  **  a-  «*  <l*tf.b  • 

'  s  •*  **•  l*  It*  tom#*  to 

lit  ♦!!*  IJh*  «f|f  Nl*. 

,!*V  ’  to  *■*'  *  U,lf*  r*M  ft*  t**t 

^  11  *tU  *r  lfv|  f»  *1VP»W  «*H  **v  -If  ue  |«N>t 

**»1  *« 


“*»  «rli  ir  1 

«ft  s  t-*  eU, 


s«***  f1«ct  ut) 

U  W*‘Mt  Oft  «,»  ||t|#  «f«, 


C-14 


7.  The  viewing  microscope  is  focused  on  the  transform  generated  by  the  input 
m  the  first  transform  plane  and,  using  a  horizontal  knife  edge  filter 
the  rotary  gate  is  adjusted  so  that  o n^  arm  of  the  cross  generated  by 
the  rectangular  aperture  is  parallel  to  the  knife-edge  -filter. 

b.  The  transform  enlarging  1  ms  is  placed  on  the  bench  so  that  the  second 
transform  is  approximately  focused  in  the  plane  of  the  scanner  pinhole. 

9.  A  beam  splitter  and  a  telemicroscope  (or  whatever  will  do)  are  used  to 
observe  the  plane  of  the  scanner  pinhole  and  the  transform  is  focused 
by  adjusting  the  frequency  enlarging  lens. 

10.  The  X-Y  adjustments  on  the  frequency  enlarging  lens  and  the  scanner 
micrometer  are  used  to  center  the  transform,  by  obtaining  a  maximum 
reading  on  the  ammeter. 

11.  The  scanner  is  translated  one-half  transform  width  and  is  scanned  towards 
the  transform  center  severed,  times  while  adjusting  the  voltage  controls 
of  the  plotter  and  those  of  the  ammeter  so  that  the  maximum  intensity  of 
the  DC  spot  is  recorded  almost  full  scale. 

12.  A  full  scan  of  the  calibration  transform  is  recorded  and  compared  with 
the  maximum  resolvable  frecuency  desired.  If  unsatisfactory,  the  position 
of  the  scanner  is  readjusted,  and  then  proceed  from  step  // 9. 

13 •  After  obtaining  a  satisfactory  calibration  scan,  the  first  input  is 
inserted,  as  per  steps  //6  to  #10,  and  then  scanned. 

I1*.  input  is  rotated  through  the  desired  number  of  degrees,  centered 
and  scanned  again. 

l>.  The  scans  arc  plotted  radially  in  proper  orientation  using  the  DC  spot 
ns  a  centering  guide. 


XI  -  Types  and  si  .  >n  of  filters  (Film  and  glass) 
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hi  1 


an 

4  * 


'■'O 
it  « 


1 J. 


rro;  icots  i  n  nilliooccj’s. 

1 0-  w- i"iif  f'pf  quof’cy ,  fit  to  -s 
"  t'-r-0.3|T 

Pat:H>  diu.:ieters=9.7.  0.8,  1 . 0,  1. 1  5,  1 . 3  1  „  5  1  (& 

'•  ,  1.95,  ?.i,  i.3,  J.45,’3.6, 0.n  ’  "  •’ 

fMCd-C  r  I;  f;n  l;/(:  rc 

■0’  "i”'-  0.7  om  thick 

rl -,e  >^H.t«rs»3.95,  3.1,  3.3,  3.0,3.99,  3.3 

"i  1  >  ,  Tr 

)  r 

•  l 


-  n  ’iu  thick 


u -*•  'kUdiet^rc- !  .4,  1.6,  1,8  2,0.  2.2,  2.2 

*  (  , 


o  crir 
^  f  d  j 


or  hvr.'-cut  filters 

l-.yiiie  di.-  1  ;G tors- 3. 3 7  au  on  all.  filters 

.0  dia  ;eters^H5,  1.1,  1.3,  1.6,  1.7,  P.3,  P.6, 


1 

'XUers 

wi  th 

do 

block 

n;r 

;  ’ .  e  its 

f  1  n  /- 
L>Ai‘ 

:  ■>  r 

as  in 

#2 

fl 

ItHT!  ’ 

'■dt’i  d 

c  hi  ock 

n.r 

'  cats 

the  ■' 

••  ■' 

as  in 

a  1 

£ 

ill  '■'1‘S 

with 

dc 

block 

i;  • 

on  i.n 

thi  s 

a  31c 

as  in 

i/3 

O 

r  low-cut  H: 

Ite 

rs  with 

dc 

nr 

e  .ents 

5*: 

0 

as  in 

#4 

* 


& 


& 


■  c  ,1  [  » 1 1  i  p  «j0  c 


•  /::VrAV;V?»  V*-?*7*  x  i.s-i.pr,  1. 4-0.9  x  1.9- 1.-5 

1 .9-0.7,  1 .1 5-0.4  x  1.9-0. 7,  i.T- 7.5.x  1.9-0. 7  / 

•  x  1.7-1.  +5,  1.P-0. 8  5  X  1.0-l.4r,  1. 4-1,0  x  '  1 .  - 1  4f 

•  '*3'  7  1.9-0. 7,  1.15-0.55  X  1 .7-0.9,'  I.1  -0.67  x  1. 9-0.3  ' 
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#11*  Band- cut  ellipses 
Read:  as  in  #9. 

0.75-0.25  X  1.0-0.35  ,  0.6-0. 2  X  I.O-O.35.  0.5-0  lxi  n  n  ^ 

.°-|5-0-35  x  i-o-o-fi.  0.5-0:25  x  i.o-o?6,’ 
0.75-0.3  X  1.0-0.45,  0.65-0.25  X  1.0-0.45,  0.5-0. 2  X  1  0-0  4s 
0.75-0.55  X  1.0-0.75,  0.65-0.4  X  1.0-0.75,  O.5-O.35  X  1.0-CU75, 

#12.  Concentric  circles  and  ellipses 

Circle:  4.4  to  0.25  mir.  in  diameter 
Ellipse:  2.8-0. 4  X  4.C-O.65 

#13.  Band-pass  ellipses  with  dc  block 

Measurements  the  same  as  in  #9 

#14.  Band-pass  ellipses  with  dc  block 

Measurements  the  same  as  in  #10 

#15.  Band-pass  ellipses  with  dc  block 

Measurements  the  same  as  in  #11 

#16.  Concentric  circles  and  ellipses  with  dc  block 
Measurements  the  same  as  in  #12 


£  SthSS-sSSS — 3 

Procedure :  The  spatial  filters  were  constructed  on  B-|  *  11  sheets  of  white  paper. 

The  following  is  a  list  of  the  filters  constructed: 

1*  Solid  black  circle  with  1"  raiius. 

2'  in'center?*  '‘"S  (2"  radl“S’  1"  iWKr  »“*>  »UcH  circle  *»  diameter 

3.  Solid  black  cross  5  mm  wide. 

4.  Cross  5  mm  wide,  Letratone  pattern  #100. 

5.  Pairs  of  wedges  with  bO °U  ,  letratone  pattern  #  57,  61.  63  ,  97,  98  ,  99,  100,  936. 
99^l6o°U936.radlUS  2  ’  r'  inier  radius>  Letratone  pattern*?,  fl,  63  ,  97  ,  98, 

byaSn^sn?5(fI  in"er  radlus)  bounded  inside  and  outside 

oy  rings  (5  mm  radius)  of  Let.-atone  pattern  #  57,  61,  63. 

8‘  Sarin^Ml/8"  r^us7nfUf^ L”  im,er  radlusl  b°hnaed  inside  and  outside 
□y  rings  [l/a  radius)  of  Let.-atone  pattern  #  97,  98,  99,  100. 

9‘  “““a  hounded  on  sides  by  shading  of  50  each 

of  patterns  #  97,  98,  99,  100,  *  ? 
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10.  Pair  of  solid  black  wedges  (Lo °z_)  bounded  on  sides  by  6  mm  wide  strips  of 
Letratone  pattern  //  57,  59,  61,  63. 

11.  Pair  of  solid  black  wedges  (LooU)  bounded  on  sides  by  6  mm  wide  strips  of 
Letratone  pattern  j}  97,  96,  99,  100. 

12.  Strip  composed  of  1"  squares  of  Letratone  pattern  #  57,  6l,  63. 

13.  Strip  composed  of  1"  x  rectangles  of  Letratone  pattern  #  57,  6l,  63. 

14.  Strip  composed  of  1"  squares  of  Letratone  pattern  #  97,  98,  99,  100. 

15.  Strip  composed  of  1"  x  2"  rectangles  of  Letratone  pattern  #  97,  98,  99,  100. 

16.  Strip  9"  x  1",  Letratone  pattern  #87. 

17.  Strip  9"  x  Letratone  pattern  #87. 


inPUt=  and  outputs  for  “Ptioal  diffraction  analysis. 
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Input  Processing: 
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Remark  o 


Outputs: 

Output  OPP 

?~F.}*A  _^o  Opci  at  i on 
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cf>''et  Nos. 
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***%#*#  ♦.*  l#rtrt  II  ##w*#  •<*#  |#«  +*#£«#*• 


+•  ****»&  g  *M#f  •<«**»#*. 

%  «»f*  )  •»  ♦»-•  •  *«  ^  4.f«|4U  #*#*4.  §#  |/l#  «  *fV«. 

***•'  |»  *4*  #  II  *t  U»#t  H  rmU  finri  in*  *#**4*, 

*  *  ’  **’  ■  1  '*■  1  -  in*  t*#t  #f  It#  *****  u« 

f*  >4«rS#  4«(t  up  n*rt  M  w  *1  W#  f*<*|  «r  M#  *«rfti#», 

I*  4#l#1*  |,f  **1  ftof  **  *H|*. 

-»  <MiA  *#«**'*•  *iw  n *#•♦♦  i#  **m*f  #f  i*#  »wrf%9«  «*#  *»•#*  in*# 

f  **#*#♦  #*ft  4#  lit#  ♦*#*■»  I*  **l*#  %m  tmm\<*  •{# 

**•  4UU#»  I#  #7  ff#  }  *£**#*, 


.  *«mmv  jwi  rre*  *n.#|w#  *11*  *  *,m  |W1||#  t**»f*tf  *|«  «**  *u* 

#f  I*'  I lif  in#  #1/1'##  *!#*, 
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ttw>i4r*  for  holographic  (attraction. 


IM  4eilrH  hologram. 

AAjwci  if#  o ftUs  behind  the  hologram  so  that  the  original  input  can  be 
mmXtoroi  via  the  closed  circuit  television  system. 

irplef#  the  developed  holograa  in  the  position  in  which  it  was  recorded. 

>r»cla«ly  realign  the  holograa  by  viewing  it  through  the  microscope  and 
OJesilnt  the  relative  positions  of  the  transform  and  holograa;  realign- 
•at  is  complete  when  no  laser  light  c«n  be  seen  in  the  recording  plane. 

Ttare  m  be  little  if  anything  to  view  on  the  television  monitor; 

If  there  is  still  some  of  the  image  visible  adjust  the  relative  transform/ 
hologram  positions  to  achieve  complete  subtraction.  This  appears  as  one 
targe  black  fringe  over  the  entire  input  whereas  partial  subtraction 
appear#  as  «  smaller  fringe  or  fTingea.  If  the  image  appears  reinforced 
***  configuration  use  1  to  record  the  hologram  has  probably  been 

altered  an*  a  fresh  start  would  be  advised. 

•ieplaee  the  first  input  with  one  of  thoee  from  which  it  is  to  be 
subtree tel. 


TOO  images  will  probably  be  visible  on  the  monitor;  one  is  the  input  and 
Iheother  is  generated  by  the  hologram.  Adjust  the  input  so  that  the 
lmogee  overlap  In  their  proper  orientations  with  respect  to  each  other. 

heploee  the  vidlcon  with  a  camera  and  record  the  difference  between  the 


